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STATISTICAL RELATIONSHIP BETWEEN
MEDIAN VISIBILITY AND CONDITIONS OF
WORST-CASE MANMADE IMPACT
ON VISIBILITY

John D. Gins
Technology Service Corporation, Santa Monica, California

David H. Nochumson
Los Alamos Scientific Laboratory, Los Alamos, New Mexico

John Trijonis
Santa Fe Research Corporation, Santa Fe, New Mexico

Abstract - A study was conducted of the statistical
relationships between median visibility and the levels of
visibility associated with worst-case mawnade impacts. The
data base for the study consisted of midday visibility re-
cordings for the years 1974-1976 at 28 suburban/nonurban
airports throughout the United States. The visibility re-
cordings were converted to estimates of extinction coef-
ficients with the use of the Koschmeider formula. The data
were sorted 2ccording to meteorology in order to eliminate
days that were obviously dominated by natural causes of
poor visibility. Three wpproaches were used for relating
worst-case (90th through 99th percentile) extinction to
median extinction. The first approach was based upon fre-
quency distribution functions. The second used observed
ratios of upper percentile to median extinction. The third
employed regression technigues. All of the relationships
were formulated and evaluated with the 1974-1976 data on a
nattonal/annual basis as well as regional/quarterly basis.
Performance tests were also run against 1954-1956 data at
11 of the 28 sites. Simple ratio relationships are recom-
wmended for use in translating median visibility impacts
into worst-case imnacts. The errors associasted with these
ratio models are appruximately 30%, which is less than the

error typically associated with mathematical dispersion

modeIs.

1. INTRODUCTYON

Llos Alamos Scientific Laboratory (LASL) has
developed and tested a methodology for estimating
regional-scale visibility (light extinction and
visus) range) from regional-scale aserosol concen-
trations, relative humidities, and air pollutant
emissions. (Nochumson, Wecksung, and Gurule,
1979a and 1979b). This methodology has been used
for evaluating the visibility f{mpacts of future
energy scenarios; {1 vyields predictions for in-
dices of median (50th percentile) vigibility.
There is a need to develop relationships for
transipting these median estimates {nto short-

term predictions for worstcase days (c.g., 90th

or 99th percentiles of manmade impacts). Thig

paper presents ‘'2lationships which were developed
through the analysis of statistical distributions
of airport visibility data.

In the development of the relationships be-
tween wmedian and worst-case (upper percentile
visibility), the following four steps of analysis
were follovwed.

(1) Selection of visihility observation
sites, years of observations, and “ime of day of
observat fons,

(?2) Screening of data according to meteor-
ology, attempting to remove days heavily influen-
ced by natural phenomena (e.g., fog, precipita-

tion, blowing dust, or low clouds).



(3) Using 1974-1976 data, development of
relationships for translating worst-case (90th or
99th percentile) extinction to median extinction.
Three approaches were followed to develop the
relationships. One was based upon frequency dis-
tribution functions. A second was bazed upon
observed ratios of upper percentile to median
extinction. A third employed regression tech-
niques.

(4) Evaluation of the performance of the
relationships regionally as well as nationally,
anc¢ quarterly as well as annually. Testing of
models for some sites with the use of 1954-1956
data.

Steps {1) and (2) are discussed in Section
3.0 of this paper. Steps (3) and (4) are
discussed in Section 4.0 of this paper. Basic
concepts and definitions fundamental to this

analysis are discussrd in Section 2.

2. BASIC CONCEPTS AND DEFINIT]ONS

Visibility refers to the clarity of the
atmnsphere and can be defined quantitatively in
terns of discoloration (wavelength shifts in light
produced by the atmosphere), contrast (the rela-
tive brightness of visible objects), and/or visual
range (the farthest distance that one would be
able tr distinguish 3 large black object against
the hrrizon sky). Because this study is based on
airport weathar station measurements of visual
range, we define visibility as visual range and
use the two terms inlerchangegbly. It should be
noted that the concept of visual range makes tLhe
most sense in situations of .arge-scale homoge-
nous hare, which s the type of vistbility

phenomenen sddressed in this paper.

Visibility through the atmosphere 1s re-
stricted by the ab.orption and scattering of light
by both gases aid particles. The sum of absorp-
tion and scattering is called total extinction
which {s measured by the extinction coefficient
"B“. The extinction coefficient represents the
fraction of 1ight that 1is attenuated per unit
distance as a light beam traverses the atmosphere.
In a homogeneous atmosphere, visibility is 1in-
versely proportional to extincticn. For a stan-
dard observer (one able to perceive a 2X con-
trast), the Koschmeider formula expressing this

relationship 1is:
B = 24.3/V (m

where the units of visibility or visual range, V
are miles, and the units of B are 1074
mers'l. the standard units for extinction.

The analyses in this study were actually
conducted with extinction Jata derived from the
visibility data according to Equation (1). When
examining worst-case impacts, there is an advan-
tage in using extinction rather than visual range.
It i< known that, with other factors held con-
stant, each component of eatinction (scattering
by gases, absorption by gases. scattering by par-
ticles, and absorption by particles) is directly
nroportional to the concentration of qases or
particles, Thus, wr world expect the statistical
distribution of extinction to resemble the well-
studied statistiral distribution of pollutant
concentrat ions,

As remarked earlier, the data base for this
study consisted of airport weather station
measurements of visual range. An  {mportant

aspect of airport visibility wmezsurements s



their discrete nature; visual range is generally
reported with respect to a discrete set of visi-
bility markers (e.yg., mountains, buildings, or
towers). Trijonis and Yuan (1978) and Trijonis
(1979) have emphasized that, because of the nature
of reporting practices, airport data should only
by plotted as cumulative frequency in a certain
order (starting with the farthest visibility
marker). This and other problems introduced by
the discrete natwure of the data are discussed

further in this paper.

3. DESCRIPTION OF THE DATA BASE
This section discusses the selection of
airport sites, observation tims, and meteorolo-
gical screening procedures. A brief description
of the spatial and temporal patterns in median

visibility is also presented.

3.1 Selection of Sites and Observation Times
Visibility observations for the years 1974-
1976 at 28 airpcrt weather stations served as the
data base for the study. The criteria for selec-
tion ov the 28 stations were: (1) *1 ! the sites
were suburban/nonurban rather than urban, (2)
that the median visual range was less than, or
about the same as, the distance to the tarthest
visibs1ity marker, (3) that no major site relo-
cations or changes in reporting pract’ .es occurred
in 1974.1976, and (4) that the stations were
well spread throughout the continental United
States. The 28 study locations are displayed in
Figure 1 and listed in Teble 1. As shown ‘n Fiy-
ure 1, the sites were grouped according to four
major regfons: Pacific, Mountain, Certral, and

Eastern.

Visral range was measured 1in miles with
respect to a system of fixed markers. As an
exxmple, for a station with farthest markers at
50 an.l '5 miles, a recording of 50 miles impl<es
only .hat visual range 1{s somewhere between 50
and 75 miles. Because of the nature of visibility
reporting practices at airports, it {s important
that tke visihility freauency distribution be
plotted in the proper way with respect to the
marker system (Trijonis and Shapland 1979; Trijon-
is 1979; Trijonis znd Yuan 1978). In this study,
the mirker system listed in Table 1 was used for
371 visibilitiec above 3 miles. The few non-
stancard readings that were sometimes recorded at
the airports were reassigned according to this
marker system (e.g., referring to the previous
example, an occasional recording of 55 miles was
reassigned to the 50-mile marker),

The visibility observations and other
weather parameters were extracted from National
Climatic Center TDF-14 datc tapes. These tapes
contain recordings for mvery third hour, Greenwich
Mean Time. Only the single nearest-noon ohserva-
tion (13:00 Eastern rnd Pacific Time, noon Central
Time, and 11:00 Mountsin Time) wes used in the
study. We did not use ail four daylight hours
separate |\ because diurnal visibility fluctuations
would then be mixed with day-to-day visibility
fluctuations (our real interest). Also, because
of the need to summarire the vistbility frequency
distributions according to a discrete set of
markers, it was not appropriate \o average the
four daylight observations.

Data for 1954-1956 at 11 of the sites were
used to check the relationships formulated with

he 1974-1976 data. Ynese 11 sites were chosen
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NOTE: For the underlincd stations,
1954-19%6 data, as well as
1974-1976 data are used.
Fig. 1. Map of the 28 study locations including the median (weather-sorted) visibilities for 1974-197¢.
TABLE 1. LOCATIONS, TIME PERIODS, AND VISIBILITY MARKERS FOR THE STUDY SITES.
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according to the criterfon that there were no

major velocaticns or reporting charges from 1954

to 1976.

3 ? Meteorological Screening

Visibility reduction involves both natural

contributions (e.g. Rayleigh scatter by air

molecules, or natural aerosols such as water

droplets or dust) and anthropogenic contr{butions



(e.g. manmade aerosols). It 4s the purpose of
this report to consider worst-case wanmade
visibility impacts. Although 1t is impossible to
entirely segregate manmade impacts from natural
impacts, the data were sorted by meteorological
parameters in an attempt to eliminate days when
natural factors dominated.

Any day with a midday recording of fog,
precipitation, blowing dust, or blowing snow was
eliminated from the data base. Also, a study was
conducted of the relationship between visibility
and various weather parameters {u order to
{dentify other situations that might be dominated
by natural processes. Based on this study, we
decided to also eliminate days when win. speed
exceeded 25 knots (worst-case visibility on such
de's would more 1likely be due to dust than to
manmade sources), or when ceiling height was less
than 1500 “feet (clouds might be obscuring

visibility markers on such days).

3.3  Spatial and Temporal Patterns

Before proceeding with the statistical
snalysis effort, 1t is useful to give the reader
a feel for the data by examining the spatial and
temporal patterns of median visibility. Median
visibilities for the weather-sorted data are com-
puted using interpolation (or extrapolation) pro-
cedures hased on the exponential distr{bution.

Figure 1 {1lustrates the geographical pat-
tern of median vistbilities for the weather-sorted
data ac the 78 study locations. The spatial pat-
tern. are similar to those fourd by Tri'‘onis and
Shapland (1979) using data not sorted for meteor-
ology from 101 locattons. The major similarities
are that visibility 1s bert in the Rocky Mountyin

Snuthwest and worst east of the Mississipp! River.

Table 2 compares median visib{lities for
the weather-sorted data to median visibilities
for all data. As expected, the weather-sorted
medians are higher than the medians for all the
data, generally about 5 to 15X higher in the
Pacific Region, 5 to 10% higher in the Mountain
Region (the only major exception being in
Farmington, NM, where the weather-sorted median
may be artificially high due to the extrapolation
procedure), & to 20% higher 1in the Central
Region, and 10 to 25% higher in the Eastern
Regton. These figures suggest that weather-
related reductions in visibility tend to be least
in the Mountain Region; this 1is not unexpected,
considering the arid climate of that region.

The seasonal patterns in median weather-
sorted v :ir{){ties were also investigated. 1In
sgreement with previous findings by Trijonis and
Yuan (1978) and Husar et al. (1979), the seasonal
patterns in the Central and Eastern Regions dis-
played a summer (third quarter) minimum in visi-
bility. In agresment with the finding: of
Roberts et al. (1975), most of the Mountain Reqion
sites exhibited minimal visibilities during the
spring and summer. Most of the Pacific Region
sites showed a springtime maximum in visibilicy
with lowest visibilities in fall and winter.

For the 11 sites where 1954-1956 data a-
well as 1974.1976 data were studied, the visi-
bilily chances from 1954.1956 to 1974-1976 wrre
invectigated. The sites 4n the Pacific Region
showed mixed trends from 1954-1956 to 1974-1976,
although substantia) decreases in reported visi-
bilities occurred at Fresno and Salem. The two
Mountain Regfon sites showed slight decreases

from 1954-1956 to 1974-1976; this i{s consistent



TABLE 2.

Hodian Mid-da

VisibLality for all Data

Locat lon in 1924-1976

(Trijonis and Shapland, 1979)
Pacifirc i}
Freunn 11 miies
Hedlord 25
PFendivton 29
Red Bluff 6l
Salca 23
Yuma 5%
Bocky hountain
nTl]lnﬁs 6V
Colorado Springs 90
Del Kio 34
Farmington 80
Grand Junceion 84
Kallspell 41
Rock Springs 76
Tucson Int 1 60
Central
Dubuquc 19
Evanaville 10
Fort Smith 22
Huron 20
Jackson 1]
Port Arthur 18
SaulL St Maric 17
Eaptern
RUgusta 11
blnyhumptou 17
Burlington 23
Dullem 17
Loanoku 3l
Horchuster 1]
Younp~ i own 10

with earlier findings (Trijonis 1979; Marians and
Trijonis 1979; Latimer et al. 1978) thut visibil-
ity decrease¢ in the Rocky Mountain West from the
mid-1950s to the early 1970s and then improved
somewhat from the early 1970s to the middle 1970s.
Four of the five sites in the Central and Eastern
Regions exhibited decreasing trends in agreement
with the increasing trend in haziness reportea by

Trijonis and Yuan (1978), and Husar et al. (14979).

4, STATISTIC"L METHODS
Three approaches were followed to develop
relationships between median and upper (90th to
99th) percentile visibility. The first approach

was to fiL the data to several candidate

Frequency cistrilution functions. The second

approach, the simplest one, was based on actual

Visibility for Weather-
Sorted Dara in 1974-1976

COMPARTSON OF MEDIAN VISIBILITIES FOR WEATHER-SORTED DATA AND ALL DATA,

Median Mid-day Percent Change
(Wcather Adjustod

Data Minuw A]l Data)

14 uiles +81
29 4162
31 +71
6., +82
25 +91
59 0x
63 +52
95 +52
38 +122
127 +59%
86 +21
46 +122
79 +41
60 ul
23 +21%
12 41202
24 +92
21 +15%
14 +B8%
19 +61
18 +62
12 +92
22 41292
28 +22%
18 +62
3?7 +192
23 +282
12 + 201

ratios between upper percentile and median extirc-
tion. The third approach employed regression
equations to relate upper percentile to medisn
visibility. For each approach, relationships
were developed on an annual as well as quarterly
basis. For the latter two apprnaches, relation-
ships were developed on a national as well 15 a
regional basis. The development of the three
approaches and an assessment of their performance

is discussed in the following subsections.

4.1 Frequency Distribution Functions

Knowledge of the underlying mathematical
distributions that approximate extinction data fis
very useful in formulating statistical models.
The purpose of this section is to briefly explore
if there is a distribution function that charac-
terizes extinction data.

There are several



characteristics of the extinction data that must
be taken into account. The data are derived from
airport visibility data which are given for dis-
tinct markers rather than for continuous readings.
Thus, one extinction value really represents an
interval of extinction values. This property 1s
called grouping. We use the Chi-square goodness-

of-fit test to take advantage of the grouping of

the data because 1t requires the data first be_

broken into discrete cells (Breiman, 1973). The
second characteristic of extinction data is that
an extinction coefficient of zero, which corre-
sponds to infinite visibility, does not occur
because of the lower 1imit on extinction imposed
% Rayleigh scattering; and possibly because of
the contribution by background aerosols. This
indicates that the possiblc distributions must
either take into account the shift away from 2ero,
or the extinction data must be shifted back to
zero by some appropriate transformation,

The cumulative frequency distritution of
the extinction data at each site was plotted on
exponential distribution paper on an annual as
well as a quarterly basis. Figura 2 is a plot oV
the annua! frequency distribution for Dubuque.
The data in most of these plots tend to follow a
straight line over the area of {nterest (from the
50th to the 99th percentiles) with substantial
bends in some tails beyond the 99th percentile.
Straight lines on exponertial paper indicate that
the data might fit an exponential distribution
but 1t fc wise to perform goodness-of-fit tests
to verify the graphical evidence.

The Wefvull, lognormal, gamma and exporen-
tial distributions were titted to the extinction

data because they ave cormonly used "single

tafled" distributions. The density functions of
the varfous distributions and the estimators of
their parameters are well known and are available
from a number of standard statistical texts. The
two-parameter shifted exponential dis ribution
was used. The second parameter s a location
parameter that accounts for the shift of the
extinction data away from 2zero. Because the
extinction data are already broken into distinct
groups and because the Chi-square test requires
that the data be broken 1into distinct cells, we
used the Chi-square gnndness-of-fit test to
evalvate the fit of various distributions.

The Chi-square goodress-of-fit statistic is

the sum over all cells of

(0(1E-E§1))2 ' (2)

where 0(1) is the observed number in cell {1 and
E(1) 1s the expected number for cel)l i. In order
to obtain a good Chi-square approximation E(i)
must be greater than or equa) to 5. If this does
not occur, then cells will have to be combined
(Breiman, 1973). The degrees of freedom associ-
ated with the Chi-square statistic 1s the number
of cells minus one minus the number of parametcrs
estiimated for the distribution being tested.

The goodness-of-fit for the fou~ two-
parameter distributions was first tested on the
annual data using a 95% significance level as the
rejection criterion. The tests were conducted
over the subset of each data set that {nciuded
the S50th through 99th percentiles. The gamma,
lognormai, and the Weibull were rejected for al!
39 site-years and the exponential distribution
was rejected for all but 5 of the data sets (ser

Table 3). Since the exponential distribution did
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TABLE 3.

L ocation

{,lgii_c
Tesno
Frasno
Medford
Medlord

sndleton

d Bluff
Red Bluff
Salenm
Salam
Yuma

Rocky Mountain

1 ngl
Colorado Sprangs

Del Rio
Farwingeton
Grand Junction
Grand Junction
Kalispall

Rock Sprimgs
Tucson

Tucson Inti

Centrs)
Tibuqus
Evansville
Ivansville
Fort Smith
Huron

Jackson

Port Archur
Sault ft Marie

aste
ugusta
Augusta
Binghampton
Binghampion
Burlington
Dullaes
Rognoke
Roanoke
Vorcester
Youngstowvn
Youngstowmn

8.2 5.6

Exponential plot of extinction at Dubuque for 1974-1976.
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better than the other distributions, the exponen-
tial distribution was used to fit quarterly as
well as annual data sets. The exponential distri-
buticn fit better on a quarterly basis than on the
annual basis. Over the four quarters, 11 were not
rejected for tr first quarter, 14 were not rejec-
ted for the second, 16 were not rejected for the
third, and 8 were not rejected for the fourth.
The Rotky Mountain Region did the worst in the
first, second, and third quarters. The Central
Region did the worst in the fourth quarter. The
1974-76 period had six fewer rejections than the
1954-56 period for the comparable sites.

Because the mathematical distribution func-
tions did nnt fare well in the goodness-of-fit
te'ts, we decided not to propose statistical
relationships based solely on a distribution func-
tion. We did do some testing of such relation-
ships and found that they did not perform as well
as the other two approaches. The exponential
distribution did, however, prove vuseful in one
respecl: we used it to 1interpolate between the
discrete data points so as to form continuous

cumulative frequency dictributions.

4.2 Estimating the Median and Other Percentiles
The median and specified upper percentile
extinction values were ured in the estimation and
assessment of the ratio and regression relation-
ships. They were estimated primerily by interpo-
lation fr-m the exiinction data which were
continuous random variables recorded at discrete
points. The clascical statistical method of
computing the median 1s to rank the data and
choose the middle value as the median. This fs
not a reasonable way of estimating the median

extinction coefficient because of the discrete

nature 1in which airport visibility data are
reported- We have chosen to estimate the 50th
vercentile by interpolation over the interval into
wnich the median would fall. We call this esti-
mate the median., The other percentiles also were
obtained by means of interpolation.

The interpolation procedure chosen was a
logarithmic {interpolation procedure which can be
derived from the exponential distribution. For
the desired value, X, associated with the percen-

tile 100P(X), the formule is

X=(C-B)(In(1-P(X))-1n(1-P(B)))
/(In(1-P(C))-1n(1-P(E)})+B (3)

where 0<P(B)£P(X):P(C)<1 and B and C are endpoints
of the interval containing X.

For a few sites, the 50th percentile had to
be extrapolated from the data because the lowest
extinction coefficient accounted for more than
50X of the data. The median X(.5) was derived

for such cases by the following equation:
X(.5)=(C=<x)(In(.5))/(1n(1-P(C)))+a (4)

where o is the location parameter estimated for
the two-parameter shifted exponential Jistribution

function.

4.3 The Ratio Method

Average ratios cf the upper percentiles to
the median are estimated for each region and the
nation (see Table 4). Extinction data from the
1974-76 time pe-iod were used to caiculate the
averages, and the data from the 1954-56 time
period were used to assess the performance of the
ratio method (see Subsection 4.5). The ratios
measure, in some sense, the "episodicity" of

extinction (f.e., the magnitude of worst-case



TABLE 4, AVERAGE RATIOS OF THE MEDI!AN TO SELECTED PERCENTILES OF THE EXTINCTION COEFFICIENT.

Rocky
Period Percentile National Pacific Mountain Cantral Llastem
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cunditions compared to median conditions). The
ratios vary widely from site to site with the
highest ratios tending to occur in the Eastern
Region and lowest 1in the Central Region. The
Rocky Muuntain and Pacific Reyions tend to have
their highes: ratios during the first and fourth
quarters, while the Eastern and Central Regions
have their highest ratioc during the second and
third quurters. CFf the 11 sites with two time
periods of data, all but Roanoke, Salem, Fresno,
and Medford show neariy the same annual ratios

over both time periods.
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5 1. 81 2-0e 2.81
k] "1.89 2.16 2-91
1 1.97 2. 24 3.03
1 2.05 .31 3.17
2 2.16 s 43 3.37
6 2.30 2-36 3.6l
1 2.46 2.72 3.89
7 2.606 2-90 4.23
8 3.01 3-13 L. 67
i 3.67 3.50 5.51
? 2.68 1.8¢ 2.47
2 2.81 1-95 2.5¢6
5 2.90 2-00 2.66
8 3.14 2.07 2.76
2 3.35 2-14 2.68
8 3.9V 2.22 3.0l
1 1.97 2.30 3.18
7 4. 77 2.4 3.40
0 5.91 2.5n 3.7¢
5 7.66 2.85 YAl

4.4 The Regression Approach

Regression analysis was performed to esti-
mate the relationship between the median and the
upper percentile extinction. Regression equations
were estimated on a national as well as on a re-
gional basis. Data from the 1974-76 time period
were used in the estimation ~f the regression
model1 parameters, and data from the 1954-56 time
period were used to assess the performance of the

regression model.

The genz=-al model to be examined was

X=aX{.5)b(-1n(1-p))C (5)



where X 1s tha extinction associated with a per-
centile, P, X(.5) 1s the median extinction, and
a, b, and c are model parameters to be esti-
mated. The percentiles, P, were transformed in
order to simulate the increase in the magnitude
of the extinction, X, as the assoclated percen-
tile, P, increases. The particular transformation
used 1s reflective of the exponential distribu-
tion. Thus, 1if the associated percentile 1s P,
then the transformed percentile 1s -1n{1-P).

In order to fit this model, natural loga-
rithms of the dependent and independent variables
were taken and a least-squares linear regression
was performed on the regression parameters in
order to get equations in the form of equation
5. The dependent variable, X, was limited to the
observed values that 1lgy between the 90th and
99th percentiles or to those observations that
were used in the interpolation of <¢he 90th or
99th percentiles. The national/r ional, annual/
quarterly equations are given in Table 5 2long
with the percent variation explained (PVE) by the
regression ard the number of percentiles (cases)
used in the estimation of the regression.

For the annual data the fits of the regres-
sion equations could be considered good with re-
spect io the PVE for all regions and natinnwide.
The regression equations fit poorly with respect
to PVE for the first quarter data. For the Cen-
tral Region in the second quarter and the Eastern
Region 4n the fourth quarter, the regression
equations fit well with respect to PVE. The
regression equation for the third quarter
national data also fits well with respect to
PVE. The other regression fits did not perform

as well,

4.5 Performance Assessment for the Ratio and
Regression Relationships

The purpose of this sib ection is to assess
the performance of the average ratio and regres-
sion relationships for predicting extirction val-
ues between the 90th and 99th percentiles. The
assessment 1s conducted with the 1974-76 data
used to estimate the relationships and the inde-
pendent 1954-1956 data set used tu test them.

Because of the small number of observations
that fall in the 90th to 99th percentile interval,
irterpolated extinction values were derived for
each 0.1th percentile increment, starting at the
90th percentile and ~oing to the 99th percentile.
This procedure gives 91 points for each site-year
to use in testing the average ratio and regression
relationships.

Three measures of error are used to evaluate
the results. One measu-e of error is the average
absolute percent error (AAPE) which is given by
the following formula:

n
M
i

AAPE = ( |OBSi-PREDi1/OBSi) 100/n (6)

i=1
where OBSi is the observed value and PREDi is
the predicted value. A second measure of error
is the average error of the estimate (AEE), which

is given by the following formula.

n

AEE = ¥ (OBsi-PREDi)/n (7)
A third measure of error is the standard estima-
tion error (SEE) which {s given by the following

formula.

n 2 .5
SEE = ( fl (OBsi-PREDi) /n (8)
1-|



TABLE 5.

EQUATIONS BASED O THE RLSULTS OF REGF "SIONS DONE ON 1974-76 EXTINCTION DATA.

ESUAT 10K
NNUAL

Region PVE CASES
NHstiomal 82.7 120
Pacific 18.4 29
Rocky Mountain 74.9 33
Cantral 87.7 28
Eastern 90.3 30
Bational 40.5 106
Pacific &7.2 27
Rocky Mountain 5.& 29
Central 44.2 23
Eastern 6.1 25
National ©3.5 108
Pacific 33.3 18
Rock» Wountain 19.4 32
Central 81.0 26
Eastern 17.7 24
Sational 13 .4 116
Paciftc 43.6 20
Rocky Mountain 37.2 31
Central 40.6 27
Lastern 19.5 32
Natiomel 58.9 108
Pacific 59.0 24
Rocky ! wntatw 27.¢6 35
Cantral 63.8 23
Lastern 83.4 26

"X(P)=0-941X(.5)0-875(-1a(1~#))!-074
R(P)=0.986X(.550.967(~1n(1-P))1.150
X(P)=0.517X(.3)0-603(-1n(1-P))1.225
X(®)»1.182X(.5)0:498(~1n(1-P))0. 0822
X(P)=1.37X(.5)0-304(=1n(1~pP))0.98%

First Quarter
X(P)=2.331X(.5)0.580(-1n(1=-P))0-245

X(P)=2,739X(.5)0.811(=1n(1-P))0.282
I(P)=2.33BX(.9)0.264(=1n(1=P))=.196
X(P)el.695K(.9)0.212(=1n(1~P))0.512
X(P)el.792X(.5)2:376(=1n(1-P))0.510

Second Quarter

X(P)=). 7712(.5)0.860(-1n(1-P))0.458
XZ(P)=1.3202(-5)0.541(=1n(1=F))0-353
X(P)*1.108Z(.5)0-488(=1pn(1=P))V-44)
X(P)=1.336X(.%)0.307(~1n(1=~P))0-79C
X(P)=3.085X(.5)0.166(~1n(1-p))0 10

Third Quarter
Z(P)=2.097X(.5)1.04B(~1g(1=-P))0.299
X(P)=]1.622X(.5)0-597(-2in(1-P))0.32]
X(P)=2.399X(.3)1.074(-1n()-P))0-052
XI(P)=2.026X(.5)0-636(~1n(1-P))0.379
X(P)=3.712X(-5)0.275(=1n(1-P))U-4s"

Fourth Quarter
X(P)=1.670%(.53)0.690(=1p(}~P))0-55¢
X(P)=2.899K(.5)0.653(-1n(1-P))0- 304
K(P)=1.%16X(.3)0.609(-1n(}~P))V-503
X(P)=l.601X(.5)0.42)(~1p(1-P))0.4b6
E(P)=1.299X(.5)0-402(-1p(1-p )0.809

For the national/annual relationships, the

measures of error are summarired in Tahle 6. In
qgeneral, the relationships performed well in terms
of their estimation and prediction errors. The

average absolute percent error predominant 1y

ranged betwern 20 to 401, which compares well

with air quality models that frequently qive

factor-of-two agreement with observation. There
were differences in performance between the four
types of relationships

tested, Overall, the

regional relationships tended to perform better

than did the nationa) relationships. 1ne regional

ratio and the national reqression relationship:

t:nded to perform better than the other two

relationships on the test data sets (19%4-19%),

The reqgional regres.ion relationship tended to

perform best on the fit data sets (1974-1976).

The regional regression relatiponship tended to

fit the data best in the Pacific and Central

Regions. The national regression relationship

tended to fit the data best in the Lastern

Region. A1l relationships except the nationel
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Error Uaing Equations

SUMMARY FOR THE ANNUAL RELATIONSHIPS.
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The velationships

the relationships

relat{onship.

best in the Central and Eastern Regions and worst
in the Rncky Mountain Region.

also perform best on an annual basis, and fur

ratio
one can

*SD = standar¢ deviation.
Except for the national

By examining the AAPE statistic,
note differences in prediction performance between

regression relationship tended to fit the data
sbout as well in the Rocky Mountain Region.

regions and quarters.



second quarter, and perform worst for the first,
third, and fourth quarters,

lLocations with large errors according to
the AAPE statistic (greater than 50%) were identi-
fied. Pendleton (1974-1976) and Tucson
(1954-1956, 1974-1976) had large errors given by
all four relationships on an annual and a quar-
terly basis. The regression prediction errors
were large for Grand Junciion (1954-1956,
1974-1976), particularly for the second through
fourth quarters. A1l relationships, except the
national regressirn relationship, performed poorly
for Augusta (1954-1956, 1974-19/6;,

The recommended relationships for making
future forecasts of upner percentile visibility
from a forecast of median visiuility for lccations
in the United Statcs were selected according to
their simplicity and their performance on the
test data set. The reginnal ratio relationship
is recommended for annual, first, and fourth quar-
ter forecasts. The national rat'o relationship

is recommended for second and thir1 quarter

forecasts.

5. SUMMARY AND CONCLUSIONS

Statistica) methods have been used to esti-
mate and assess the performance of relationships
belween median and upper percentile (worst-case)
extinction. These relationships extend a metho-
dology deveioped by LASL for estimating median
recional scale visibility, MWith the relationship
betweern median and upper percentile extixtion,
regional s.ale visibility for worsi-case days can
be estimated. Airport weather station measure-
ments of visual range were used in the estimat fon
Alrport

and assesmment of the relationships.

weather stations located 4n the continental US

were screened for their reporting practices, dis-
tances to farthest marker, site relocations, and
their representativeness of regional visibility,
Twenty-eight suburban/nonurban sites that met the
screening criteria were selected. The data were
sorted according to wmeteorology 1in order to
eliminate days that are obviously dominated by
natural causes (e.g. fog, precipitation, blowing
dust, or low clouds) of poor visibility. The
Koschmeider relationship was used to translate
the visual range data to extinction data. Three
approaches were followed to develop relationships
between median and upper percentile light extinc-
tion. One is based upon frequency distribution
functions. The second uses observed ratios of
upper percentile to median extinction. The third
employs regression techniques. The average ah-
solute percent errors for the three approaches
predominantly ranged between 20-40%, which
compares wel! with air quality models that
frequently give factor-of-two agreement with oh-
servation. Simple ratio relationships are recom-

mended for use in translating median visibility

impacts into worst-case impacts.
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